Background: Mandrill (Mandrillus sphinx) is a primate species which belong to Old World monkey (Cercopithecidae) family. It is closely related to human, serving as model for some human diseases researches. However, genetic researches and genomic resources of mandrill were limited, especially comparing to other primate species.
Background Information
Mandrill (here, specifically referred to Mandrillus sphinx) is a primate species living in Africa. It is a large monkey specie belonging to Papionini tribe. It has been used as experimental models for human disease studies considering that the species of chimpanzee and gorilla despite that they are more closely related human [1] , they are endangered species . Especially, mandrill has been used in immune systems researches such as bacterial infections [2, 3] , parasite infections [4, 5] and viral diseases especially for the study of SIV strains infection [6, 7] . However, comparing to chimpanzee and gorilla, mandrill only has the mitochondrial genomes established, without comprehensive genome information available.
In this study, we established a draft genome sequence of mandrill using second generation sequencing technology, making it possible for future comparative genomic studies and human disease studies.
Gaps were filled using paired sequence data from 3 libraries (250, 500, and 800 bp) with -p 31 parameters by GapCloser.
Transposable elements and repetitive DNA
We utilized RepeatMasker v4.0.5 [11] and Repeat-ProteinMask to scan the whole genome for known transposable elements in the RepBase library v20.04 [12] . Then, RepeatMasker was then used again for identifying de novo repeat based on the custom TE library constructed by combining results of RepeatModeler v1.0.8 (RepeatModeler,RRID:SCR_015027) and LTR_FINDER v1.0.6 [13] . Prediction of tandem repeats was also done using Tandem Repeat Finder v4.0.7 [14] with the following setting: Match = 2, Mismatch = 7, Delta = 7, PM = 80, PI = 10, Minscore = 50, MaxPeriod = 2000.
Protein-coding gene and non-coding RNAs annotation
After masked known TE repeat elements, genes were predicted using three categories of methods, including homolog based, evidence based and ab initio prediction. For homolog based annotation, protein sequences of Macaca mulatta (Ensemble 73 release), Pan troglodytes (Ensemble 73 release), Nomascus leucogenys, Pongo abelii (Ensemble 73 release), Gorilla gorilla (Ensemble 73 release), Homo sapiens (Ensemble 73 release) and were aligned to the mandrill genome using BLAT [15] .
Then GeneWise [16] (Version 2.2.0) was used for further precise alignment and gene structure prediction. For evidence based prediction, 85,496 EST sequences were downloaded from NCBI with key words: Papio anubis cDNA and were aligned to the genome using PASA [17] for spliced alignments and assembly to detected gene structure. For ab initio prediction, we employed AUGUSTUS [18] (Version 3.1) to predict gene models in the repeat masked genome. Finally, these gene prediction results were combined using GLEAN [19] . In order to identify the function of the final gene set, three databases (SwissProt, KEGG, and TrEMBL databases) were searched for best matches using BLASTP (version 2.2.26) with an E-value of 1e-5.
InterProScan software [20] , which searches Pfam, PRINTS, ProDom and SMART databases for known motifs and domains, was also used for the gene function annotation. Firstly, all-versus-all blastp with the e-value cutoff of 1e-7 for 12 species and then the possible blast matches were joined together by an in-house program. Thirdly, we removed genes with aligned proportion less than 33% and converted bit score to percent score. Finally, hcluster_sg (Version0.5.0, https://pypi.python.org/pypi/hcluster) was used to cluster genes into gene families.
Phylogenetic tree construction
With gene family clusters defined, the fourfold degenerate (4D) sites of 5,133 single-copy orthologous among the 12 species were extracted for the phylogenetic tree construction. PhyML package [23] was used to build the phylogenetic tree with maximum-likelihood methods and GTR+gamma as amino acid model (1,000 rapid bootstrap replicates conducted). Based on the phylogenetic tree, divergence times of these species were estimated by using MCMCTree With the gene family clustering result, contraction and expansion can be detected to figure out the dynamic evolutionary changes along the phylogenetic tree. According to the phylogenetic tree and divergence time, CAFÉ [27] was used for gene family contraction and expansion analysis.
Demography was estimated using the pairwise sequentially Markovian coalescent (PSMC) model with the following setting: -N25 -t15 -r5 -p "4+25*2+4+6". In order to scale the results to real time, 10 years per generation and a neutral mutation rate of 2.5e-08 per generation were used.
Gene family expansions/contractions and positively selected genes
The selection pressure in mandrill were measured by comparing nonsynonymous ( 
Data Description

Genome sequencing and assembly
Whole genome sequencing of mandrill yielded 426 Gb raw sequence data (146× considering the genome size of 2.9 Gb). After filtering, clean reads amounting to 289
Gb were obtained for genome assembly, comprising ~71x from paired-end libraries and ~26x from mate-pair libraries ( Table S1 ). 212 Gb data were used for k-mer analysis, which resulted in the distribution of depth-frequency ( Figure S1) , with a secondary peak at half of the major peak coverage of ~31×. In this way, the genome size of mandrill was estimated to be 2.90 Gb with notable heterozygosity. All clean data were used to generate the draft genome assembly, followed by gap filling. The assembled genome was 2.88 Gb (covered 99.31% of estimated genome size) in length.
The contig N50 was 20.5 kb with longest contig to be 211 kb, and the scaffold N50 was 3.6 Mb with the longest scaffold to be 19.1 Mb. 634 longest scaffolds consisted more than 80% of the whole genome ( Table 1) .
Genome annotation
Using a combination of de novo and homology-based methods, about 42.22%
(mandrill) of the assembled genome were transposable elements (TEs) ( Table S2 ).
Long Interspersed Nuclear Elements (LINEs) were less in mandrill genome (~17%) comparing to human genome (~21%), while Short Interspersed Nuclear Elements (SINEs) were similar (~12%), especially the Alu elements to have quite similar proportion (10%~11%) ( Table S3 ), reflecting that the Alu elements were the conserved within primate genomes as previously described [28] .
The gene set of the mandrill genome contains 21,906 protein-coding genes (Table S4) , the average gene length was 39,087 bp with the average intron length of 5,785 bp. 21,622 (98.70%) of the predicted genes functionally annotated (Table S5) . Three types of ncRNAs were annotated in mandrill genome, including tRNAs, rRNAs, and snRNAs. In total, 4,278 short noncoding RNA sequences were identified in the mandrill genome (Table S6 ).
The quality of mandrill genome and gene completeness were assessed by conducting the Benchmarking Universal Single-Copy Orthologs (BUSCO) analysis [29] . 98% of BUSCOs were completely detected in the assembled genome (2981: complete and single-copy; 170: complete and duplicated) among 3,023 tested BUSCOs. The numbers of fragmented and missing BUSCOs were 28 and 14, respectively (Table   S7 ).
Gene family and phylogenetic analysis
For mandrill, we identified 15,368 gene families with 1,387 genes not clustered among 12 species, and 87 families were found to be unique (Table S8 ). These unique gene families were significantly enriched in function annotation with GO:0006412 of translation (GO level: BP, P=6.29e-33), GO:0003735 of structural constituent of ribosome (GO level, BP, P=6.29e-33) ( Table S9 ). Comparing to human (Homo sapiens), macaque (Macaca mulatta), gorilla (Gorilla gorilla) and marmoset (Callithrix jacchus), 627 gene families, with 1,293 genes, were found to be unique in the mandrill and 5,133 single-copy orthologous genes were found to be shared among all the 12 species (Figure 1a) .
The maximum-likelihood phylogenetic tree (Figure 1b ) of the 12 species using 5,133 single-copy genes indicated that mandrill was located in the same clade with macaque and this clade diverged from human clade about 28.5 (27.5-30.4) MYA while the divergence time between Cercopithecoidea and Hominoidea was estimated to be 26.66 (24.29-28.95) MYA using mitochondrial genome sequences [30] . Mandrill were estimated to split from macaque about 7.9 (6.9-9.2) MYA which was different from the previous estimation which was 6.6 (6.0-8.0) MYA [31].
In mandrill lineage, there were 797 expanded and 3,982 contracted gene families ( Figure S2) . Expanded gene families were found to be significantly enriched in the functions of biosynthetic process, structural constituent of ribosome, nucleosomal DNA binding, G-protein coupled receptor activity, olfactory receptor activity, glucose catabolic process, peptidyl-prolyl isomerization, as well as carbon fixation in photosynthetic organisms and electron transport chain pathway (Table S10 ). In mandrill, peptidylprolyl isomerase A (PPIA) was significantly expanded (GO:0003755, P= 3.60E-89). The PPIA belongs to the peptidyl-prolyl cis-trans isomerase (PPIase) family which catalyze the cis-trans isomerization, folding of newly synthesized protein, combination of several transcription factors and regulating many biological processes including inflammation and apoptosis, even acting in cerebral hypoxia-ischemia. In stress environment when presence of reactive oxygen species (ROS), cell will secrete PPIA to induce an inflammatory response and mitigate tissue injury. The peroxiredoxin-6 (PRDX6) family, which can reduce peroxides and protection against oxidative injury during metabolism, was also significantly expanded (GO:0051920, P = 0.000641).
In total, 657 PSGs were identified with significant enrichment in the molecular functions of kinase activity, transferase activity, phosphotransferase activity and etc.
( Table S11 ). Further investigating functions of these PSGs, 34 genes were found to be innate immunity response genes by searching InnateDB. Interactions of these genes were predicted by STRING: functional protein association networks (http://string-db.org/cgi). As shown in Figure S3 , STAT1, IL5, IL1R1, ATG5, CREB1, DICER1, PIK3R1 genes may have important roles in immune system, which are strongly associated with stress resistance and wound healing. Finally, PSGs related to innate immunity response were found to be enriched in terms of GO:0080134:
regulation of response to stress (GO level: BP, P=1.59e-05), GO:0006955: immune response (GO level: BP, P value=4.11e-05) and KEGG:4640: Hematopoietic cell lineage(P=6.83e-05) ( Table S12 ).
The demographic history of a species reflects historical population changes thus would be important to understand from the genome. We inferred a noticeable population bottleneck in the demographic history of the mandrill (Figure 2) . Around 28 thousand years (kys) ago, the mandrill population went through a sharp increase, followed by a noticeable bottleneck from a peak of 61,000 and 47,000 to ~6,500
around 17 kys ago. The increase of population size was coincident with the increase of human population, probably indicating climate change suitable for increase of mammals, while the recent bottleneck of mandrill populations is different from the recent increase of the human population.
Comparing the major histocompatibility complex (MHC) region
Major histocompatibility complex (MHC) is important for immune system which code a series of genes to assist cells recognizing foreign substances. Checking the assembled genomes of mandrill, relative complete assembly of MHC region was found on Chromosome 4. In order to check the assembly quality, reads were mapped back to the MHC class I region to show good coverage and pair-end/mate-pair relationships (Figure S4) , supporting assembly of MHC region. Since the MHC region is highly repetitive, a detailed repeat annotation was carried out for both mandrill and human MHC class I regions (from gene GABBR1 to gene MICB in the direction from the telomere side to the centromere side) with the same parameter to find similar repeat content for the two species in this region (48.27% in mandrill comparing to 51.03% in human) ( Table S13 ). HLA genes are important for immune recognition thus HLA genes were further checked and compared to human. In MHC class I region of human, there were 50 genes in total including 6 HLA genes, while in mandrill MHC class I region, only 4 HLA genes were identified. Searching the whole genome other than the MHC region, another 4 HLA genes were identified, making the total number of HLA genes to be 8 in mandrill. However, further inspection of the 8 HLA genes in mandrill resulted in finding 5 of them harbored start or stop codon changes, prematurely terminated changes or frameshift mutations (Figure 3) , reflecting the genetic mechanisms of differences in immune response between mandrill and human.
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The raw sequencing data described in this article are available in the NCBI SRA repository, under the project number of PRJNA436891. 
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